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The use of biopolymers for probiotic microencapsulation has been investigated in this
paper. The objectives are to enhance its survival rate, colonic release, and stability of these
probiotic cultures in digestive condition during storage time. Nine types of biopolymers
(alginate-psyllium) blend with different concentration of prebiotic; (inulin or fenugreek)
were used as candidate for microencapsulation matrix. One strain of probiotic candidates,
namely; Enterococcus durans 39C was used in this study. The microencapsulation of this
strain with the respective polymer blend was performed by using a simple extrusion
method. All blend of formulations have recorded high encapsulation efficiency at value
>98%. The survival rate of viable probiotic cells under simulated digestive conditions was
also high with value above 47% as compared to non-microencapsulated cells. These nine
gel formulations also displayed the high survival rate of viable probiotic cells during
storage time (28 d). Their release occurred after 2 h in colonic condition and sustained until
12th h of incubation period. An increase of prebiotic effect value added was observed in
incorporated inulin and fenugreek formulations. In short, this study revealed that a newes, University Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. Tel.: þ60 389472215;
nmental Engineering Department, Faculty of Engineering, University Putra Malaysia, 43400
389466295; fax: þ60 386567120.
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probiotic microencapsulation.
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licenses/by-nc-nd/4.0/).1. Introduction
Probiotic is a microorganism that provides beneficial health
effects. The microorganism must exhibit several characteris-
tics such as resistance against the gastric and intestinal juices
and tolerance toward the digestive enzymes degradation [1].
Such challenges can be addressed by microencapsulating the
probiotic bacteria within a protective matrix material. The
microencapsulation matrix functions not only as a protection
against harsh gastrointestinal conditions but also increases
the stability and viability of live probiotic culture at various
heat/moisture conditions during processing and storage [2,3].
Many polymeric materials can be used as a microencap-
sulation matrix for probiotic formulation, including alginate,
starch, xanthan gum, fat, gelatin, and glycerides derivatives.
Among these coating materials, alginate has been recognized
as the most commonly used polymer for probiotic microen-
capsulation in food products, because it is non-toxic,
biocompatible, low cost, and easy to apply. Furthermore,
alginate has been approved as safe food additive. Neverthe-
less, alginate is susceptible to adverse chemical conditions
such as very low acidic pH and chelating agents, which are
commonly excreted during probiotic bacteria fermentation.
Additionally, the presence of cations from probiotic fermen-
tation, such as magnesium, sodium, and calcium, causes the
destabilization of alginate gelling activity and poor perfor-
mance as a microencapsulation matrix [4,5].
Polycationic materials such as gelatin, chitosan, & poly-L-
lysine can form ioneexchange interaction with the negatively
charged alginate structure to improve the stability of the
microencapsulating matrix [6,7]. The blend of alginate with
polycationic biopolymers, particularly for particular polymers
with prebiotic functionalities, can be a value added to the
probiotic itself. Moreover, prebiotic characteristic is often
found in many herbal-based polymers such as psyllium and
fenugreek.
Fenugreek gum is a biopolymer extracted from fenugreek
seeds. The fenugreek polymer is composed of D-mannan
(backbone) and D-galactopyranosyl groups (side chains). The
fenugreek gum exhibits several prebiotic effects and has been
utilized in animal husbandry and nutritional supplements [8].
In addition, its stability and emulsifying activity [9] make this
gel a suitable stabilizer for food industry. Meanwhile, psyllium
is extracted from Plantago genus and is a cationic herbal gel in
its physiological condition. The gel structure of psyllium is
arabinoxylan, which consists of xylose (backbone) and arabi-
nose (side chains) [10,11]. Psyllium, as a medicinally active
natural polysaccharide, if suitably tailored to prepare the
hydrogels that have the potential to act as novel drug delivery
devices. Therefore, the present study is an attempt, to syn-
thesize psyllium and poly (AAm) based hydrogels by using N,N-MBAAm as cross linker and ammonium persulfate (APS) as
initiator [12].
The therapeutic effect of psyllium is known in many cul-
tures as treatment and risk reduction in several gut disorders
such as constipation, diarrhea, ulcerative colitis, chronic kid-
ney disease, and irritable bowel syndrome [13,14]. Likewise,
psyllium can be considered superior candidate for the pro-
biotic microencapsulation matrix because of its beneficiary
effects on both probiotic culture and human gastrointestinal
tract health.
In this study, we investigate the potential of alginate-
psyllium blend with prebiotic (inulin and fenugreek) for their
suitability as microencapsulation matrix for probiotic bacte-
ria. Different concentrations of inulin and fenugreek were
blendedwith alginate-psyllium via a simple extrusionmethod
to microencapsulate Enterococcus durans 39C cultures. Extru-
sion method in the small scale of production, in comparison
with other methods, is low cost, simple, and easy with the
high rates of cell viability. Moreover, by using suitable sup-
porting materials, the small size of beads for being added to
the food products, can be produced [2,15]. Hence, in this study
the morphological characteristics, encapsulation efficiencies,
survival rates, and viabilities of the E. durans 39C bacteria upon
microencapsulation with extrusion method at harsh gastro-
intestinal conditions (stomach acid & alkaline bile) during
storage were investigated.2. Materials and methods
2.1. Materials
E. durans 39C were isolated and identified from the traditional
yogurt (West region of Iran). Fenugreek seeds and psyllium
seed huskwere purchased fromherbmarket in Tabriz (Tabriz,
Iran) and sodium alginate from SigmaeAldrich (Germany).
MRS broth, MRS agar, calcium chloride, hydrochloric acid,
sodium hydroxide, Acrylamide (AAm), and sodium hydrogen
phosphate were purchased from Merck (Germany). Ammo-
nium persulphate (APS), N, N,-methylene bis acrylamide (NN-
MBAAm), Inulin and oxgall were obtained from Sigma-
eAldrich (Germany).2.2. Isolation, molecular identification and
characterization of E. durans 39C
E. durans 39C was isolated from 60 samples of traditional
yogurt that were randomly collected from the retailers in
different parts of Kermanshah province in Iran. This probiotic
species was isolated and amplified through anaerobically
growth of MRS broth medium for 24 h at 37 C and spread on
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genomic DNA was extracted by the method described by
Leenhouts et al. (1990) with some modifications [17]. The 16S
rDNA gene amplification was carried by using the universal
bacterial primer pairs namely, F: 50 AGAGTTTGATCMTGGCT-
CAG-30 and R: 50-TACCTTGTTAGGACTTCACC-30. The PCR
program cycles were as follows: denaturation at 95 C for
4 min, 32 cycle of: 94 C, 1 min, 58 C, 1 min, 72 C for 95 s, and
the final extension was performed for 5 min in 72 C. The
purified DNAs were sequenced by the Korean sequencing
company, Macrogene. The sequencing results were blasted
with the deposited sequences in the NCBI and GenBank site
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify the iso-
lated bacteria cells.
The agar diffusion well method was utilized to determine
the antibacterial activity of the bacterial isolate against some
clinically important human pathogens such as Escherichia coli
(PTCC 1276), native isolate of E. coli (026), Salmonella typhimu-
rium (ATCC 14028), Staphylococcus aureus (ATCC 25923), Bacillus
cereus subsp. kenyae (PTCC 1539), Listeria monocytogenes (PTCC
1163), Klebsiella pneumoniae (PTCC 1053), Shigella flexneri (PTCC
1234), Pseudomonas aeruginosa (PTCC 1181), Candida albicans
(PTCC 5027), Serratia marcesens (PTCC 1187), Enterococcus fae-
calis (PTCC 1394), Staphylococcus saprophyticus subsp. sapro-
phyticus (PTCC 1440) and Streptococcus mutans (PTCC 1683). To
determine the antibiotic susceptibility, the disc diffusion
method against some clinically important antibiotics such as
chloramphenicol (30 mg), vancomycin (30 mg), tetracycline
(30 mg), erythromycin (15 mg), Ampicillin (10 mg), gentamycin
(10 mg), clindamycin (2 mg), sulfamethoxazol (25 mg) and peni-
cillin (10,000 units) was exploited [18].
To evaluate the low pH and high bile salt tolerance of iso-
lated strain, each cell culture medium was centrifuged at
4000  g for 5 min. The supernatants were removed, and the
cell plates were re-suspended for 2 h in 15 ml of low pH so-
lution (pH 1.8 at 37 C) and high bile salt solution (0.5% w/v
oxgall, pH 6.8, and 37 C) by a gentle agitation [19]. The survival
rate was calculated using the following equation: survival rate
(%) ¼ (log cfu N1/log cfu N0)  100%, where N1 corresponds to
the total clones treated with extra bile salts or acids and N0
corresponds to the total clones before they were incubated
under harsh conditions [20].
2.3. Preparation of probiotic cells
The isolated E.durans 39C cultures were amplified by anaer-
obic growth of 100 mL respective stock cultures in 15 ml MRS
medium for 24 h at 37 C. The cells were harvested by
centrifugation (10 min, 1200  g) at 4 C, washed and re-
suspended in phosphate buffer (pH 7.2). The cells were
counted to a desirable amount three times in MRS agar using
pour plate method, prior to the microencapsulation step. The
equal volume of the same viable cell population was divided
and used in the microencapsulation step by different bio-
polymers blend.
2.4. Extraction of fenugreek gel
To extract the fenugreek gel, Goel (2009) method was utilized
with some modifications. Briefly, 20 g of grinded fenugreekseeds were soaked in 50 ml of distilled water (pH 7) at 65 C
and stirred for 2 h. A homogenous gel was centrifuged (20min,
14000 g) to separate the gel phase. The gel was washed twice
with distilled water and ready to be applied in microencap-
sulation matrix [21].2.5. Extraction of psyllium gel
To extract the psyllium gel, a method previously described by
Guo et al. (2008) was adoptedwith somemodifications. Briefly,
20 g of psyllium husk was dispersed in 200 ml water at 80 C
and mixed for 12 h until pysllium gel was homogenous. Then,
it was centrifuged for 20 min at 14000  g to separate the gel
phases. The separated gel was dissolved in 50 ml NaOH so-
lution (2 M) and was stirred for 2 h at 37 C followed by
centrifugation (15 min, 14000  g). The alkaline phase was
neutralized by using HCl (2 M) and followed by centrifuging
(15 min, 14000 g), a yellowish gel was separated and washed
twice with distilled water prior to its usage as microencap-
sulation matrix [11].2.6. Synthesis of Psy-cl-poly (AAm)
Reaction was carried out with 1 g of psyllium husk,
1.095  102 mol/l of APS, known concentration of monomer
and cross linker in the aqueous reaction system at 65 C
temperature for 2 h. Polymers were stirred for 2 h in distilled
water and for 2 h in ethanol to remove the soluble fraction and
then were dried in air oven at 40 C. Different polymeric net-
works [psy-cl-poly (AAm)] were synthesized by varying [AAm]
(from 1.41 101 mol/l to 7.03 101mol/l) and by varying [N, N-
MBAAm] (from 6.45  103 mol/l to 32.40  103 mol/l) [22].2.7. Microencapsulation of probiotic and prebiotics using
extrusion technique
The extrusion method was utilized for microencapsulation of
E. durans 39C using alginate-psyllium blend with various
prebiotic (inulin and fenugreek) concentrations. Alginate-
encapsulated cells (ALG) andun-microencapsulated bacteria
suspended in distilled water were used as the control. The
sodium alginate, psyllium, fenugreek gels and inulin were
autoclaved (121 C for 15 min) prior to themicroencapsulation
procedure. The bacterial cultures (10% (w/v)) were suspended
in 5 ml of 0, 0.5, 1.0, 1.5 and 2% inulin (SigmaeAldrich, Ger-
many)) or fenugreek (Tabriz, Iran) solutions and then mixed
with 10 ml of 1.5% (w/v) sodium alginate gel (SigmaeAldrich,
Germany) and 10 ml of 0.5% (w/v) psyllium gel (Tabriz, Iran)
solutions. The final prebiotics concentrations were respec-
tively 0, 0.1, 0.2, 0.3, and 0.4%.
10 ml of these solutions were mixed and stirred for 30 min
to allow homogeneous mixture. These homogeneous solu-
tions were extruded through a 21-gauge nozzle in 100 ml
sterile CaCl2 solution (0.5 M) where microencapsulated beads
were created. The beads were isolated by filtering (using
Whatman paper No.1) and washing twice with sterile water
before using them in the subsequent experiments and then
stored in peptone solution (0.1% (w/v)) at 4 C.
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probiotic beads
The topographical morphological property of micro-
encapsulated beads was observed by placing a sample on a
microscope slide and docked on a fluorescent microscope
(Olympus BX61, Japan), which is equipped with U-MWU2
fluorescence filter (excitation filter BP 330e385, dichromatic
mirror DM 400, emission filter LP 420). The average size of the
beads was estimated from the mean diameter of 50 beads
obtained from each of the gel microcapsules.
2.9. Moisture content and water activity of
microencapsulated beads
The moisture content of powdered microencapsulated beads
was determined by drying the sample in an oven at 105 C for
12 h. Meanwhile, the water activity of beads was evaluated
using a water activity meter (Dewpoint, USA) at maintained
temperature (24 ± 0.5 C) [23].
2.10. Encapsulation efficiency (EE)
To determine the encapsulation efficiency, 50 mg of each
microencapsulated beads was disintegrated in 10 ml phos-
phate buffer (pH 7.2) at 37 C for 30 min and subsequently the
entrapped viable bacteria were counted by the pour plate
technique in MRS agar. In pour plate method, the probiotic
samples were serially diluted and pour-plated onMRS agar and
then incubated anaerobically at 37 C for 24 h. Counts were
expressed as number of CFU per gram of product. The encap-
sulation efficiency was calculated by the following equation:
Encapsulation efficiency (EE) ¼ (Log10N/Log10No)  100
Where N is the number of entrapped viable bacteria cells
and N0 displays the free viable bacteria cells before microen-
capsulation. The data were expressed as the mean of three
counts ± standard error [19].
2.11. Survival of microencapsulated cells after incubation
in simulated digestive system
To evaluate the conservation efficiency ofmicroencapsulation
as well as the viability of microencapsulated bacteria in
simulated digestive system, 100 mg of each micro-
encapsulated beads was separately mixed and incubated for
2 h in 20ml of simulated gastric juices (pH 1.8 at 37 C) for 0, 30,
60, 90 and 120 min followed by a placement in simulated in-
testinal juice containing 0.5% w/v oxgall (pH 6.8 at 37 C for
120 min) with gentle agitation (100 rpm). These treated beads
were disintegrated in 10 ml phosphate buffer (pH 7.2) and the
viable bacteriawere counted through the pour plate technique
in MRS agar. The following equation was applied to calculate
the survival percentage of treated microencapsulated cells in
simulated digestive system:
Survival rate (%) ¼ (log CFU/g beads after treatment/log CFU/g
beads before treatment)  100.Where CFU displays number of colony forming unit on the
pour plate agar [19].2.12. Storage stability of microencapsulated probiotic in
yogurt
The storage stability was performed according to a modified
method described by Shi et al. (2013). The stability of un-
microencapsulated and microencapsulated bacteria was
assessed during 4 weeks storage in yogurt at 4 C. The viability
of cells in seven different storage times (1, 3, 5, 7, 14, 21 and 28
d) was measured. During storage time, 0.5 g micro-
encapsulated cells at the room temperature by gentle shaking
(100 rpm) was dissolved in 5 ml sodium citrate solution
(50mM) with pH 7.5. The released and unemicroencapsulated
probiotic cells were serially diluted 10 times by using saline
solution, and then, 50 ml of aliquots was placed on the MRS
agar for 24 h anaerobic growth (37 C). The viable (%) rates of
probiotic cells were calculated by utilizing the pour plate
method in MRS agar [24]. Meanwhile, acidity of yogurt con-
taining free and microencapsulated probiotic cells was
measured during storage time.2.13. Release of microencapsulated probiotic
To assess the rate of microencapsulated cell release from
beads, the method was previously described by Mandal et al.
(2006) was used. Briefly, one gram of each bead was incubated
in 50 ml of simulated intestine fluid (SIF) containing 0.1 M
monobasic potassium phosphate (this simulates a colonic
solution) at condition of pH 7.4, temperature 37 C and gently
agitation (100 rpm). The samples at different time intervals
were taken and the units of the released bacteria were coun-
ted by the pour plate method [25].2.14. Statistical analyses
All experiments were designed based on completely random
design with three replications for each treatment group. The
data were analyzed using ANOVA and Duncan test methods,
with the significant differences were considered for means
with P < 0.05. Meanwhile, the SPSS statistics19 software was
utilized in the data analysis.3. Results and discussion
3.1. Molecular identification and characterization
The PCR-amplified 1500 bp fragment of 16S rDNA gene of this
isolate was sequenced and blasted with the deposited se-
quences in GenBank. Isolate with 99e100% homology was
identified as E. durans 39C by considering the threshold values
of taxonomical studies (97%) [26]. This strain was isolated
from traditional yogurt. According to our results and FAO/
WHO guidelines, identification of Enterococcus strains by
sequencing of 16S rDNA can be considered as an accessible
and suitable technique [27]. The threshold value for tax-
onomical studies is around 97%, hence, 16S rDNA sequencing
a s i a n j o u r n a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1354with 99e100% homology was performed for phylogenetic
clustering as a valid and accurate technique [26].
Probiotics must have some characteristics to be effective
and to improve the host health such as resistance to gastro-
intestinal acid and bile, susceptibility against the antibiotics,
and showing the high anti-microbial activity. Based on sci-
entific agreements, the characterization and assessment of
probiotics properties must be performed by standard in vitro
experiments [28]. E. durans 39C displayed a favorable anti-
pathogen activity and acceptable antibiotic susceptibility. E.
durans 39C inhibited the growth of 7 indicator pathogens
including E. coli (PTCC 1276), S. aureus (ATCC 25923), K. pneu-
moniae (PTCC 1053), S. flexneri (PTCC 1234), P. aeruginosa (PTCC
1181), S. marcesens (PTCC 1187), and S. mutans (PTCC 1683).
Moreover, E. durans 39C was sensitive or semi-sensitive to all
examined antibiotics. But its tolerance to low pH (32%) and
high bile salt concentrations (47%) were weak, hence, micro-
encapsulation by different biopolymer matrices was per-
formed to compensate for this weakness.
3.2. Morphological analysis of microencapsulated
probiotic beads
Nine types of gel formulations (Table 1) were designed to
improve encapsulation efficiency, gastrointestinal survival,
colonic release rates, and storage stability of E. durans 39C.
Meanwhile, alginate-encapsulated cells (2% (w/v)) were used
as control. The beads harvested from the microencapsulation
experiment, by extrusion step, were observed under a light
microscope. The morphological analysis, revealed that
alginate-psyllium blends with various inulin and fenugreek
concentrations show a spherical or elliptical shape (Fig. 1)
with polymer act as protective layers for the bacteria (Fig. 1C).
Moreover, in microencapsulation blends, prebiotic particles
were integrated in polymer network (Fig. 1D). Meanwhile, the
microscopy images by optical microscope demonstrated that
in all these nine gel formulations, prepared beads entrapped
the bacterial cells (Fig. 1E).
The average diameters (based on 50 beads) for alginate,
alginate-psyllium, alginate-psyllium blend with inulin, and
alginate-psyllium blend with fenugreek were 830e1100 mm,Table 1 e Compositions, size, moisture content (%), water activ
durans 39C with various prebiotic concentrations. Alginate-en
various gel formulations. Values shown are means ± standard
Formulation Prebiotics Con. (%) Diameter (mm) (n ¼ 50)
ALG e e 830e1100 ± 6
F1 e e 240e330 ± 3
F2 Inulin 0.5 310e350 ± 2
F3 Inulin 1 210e270 ± 4
F4 Inulin 1.5 340e380 ± 5
F5 Inulin 2 300e370 ± 3
F6 Fenugreek 0.5 380e470 ± 7
F7 Fenugreek 1 410e540 ± 2
F8 Fenugreek 1.5 560e620 ± 5
F9 Fenugreek 2 580e780 ± 3
aec,*Values followed by the same letters are not significantly different (P
ALG: alginate-encapsulated cells, Con: Concentration.240e330 mm, 210e380 mmand 380e780 mm, respectively (Table
1). The mean diameters of beads containing alginate-psyllium
or alginate-psyllium blend with inulin (F1eF5) were signifi-
cantly (P < 0.05) smaller than beads containing alginate-
psyllium blend with fenugreek (F6eF9). In alginate-psyllium
blend with fenugreek, the mean diameters of beads contain-
ing lower concentration of fenugreek (F6 and F7) were signif-
icantly smaller than high concentration ones such as F8 and
F9 (P < 0.05) (Table 1).
In this study, the different concentrations (1e2%) of pre-
biotics (inulin and fenugreek) and alginate-psyllium blend
were investigated [29]. According to the previous researchers
(Lotfipour et al. (2012) and Chandramouli et al. (2004)), low
concentrations (less than 1% (w/v)) of alginate used as the
supporting gel or their mixture with other gels resulted in low
viscosity and crosslinking sites did not create a spherical and
an uniform encapsulated beads shape. Whereas, the extru-
sion of alginate or their mixture with other gels through a
syringe at the high concentrations (more than 2% (w/v)) was
difficult due to high viscosity [19,30]. Hence, the present study
selected 1.5% (w/v) sodium alginate þ 0.5% (w/v) psyllium gels
as the optimum concentrations of biopolymer matrices ac-
cording to the formulations previously designed by Krasae-
koopt and Watcharapoka, (2014).
From themorphological analysis, alginate-psyllium blends
illustrated spherical or elliptical shape beads. The similar
beads with two protective layers were observed by Lotfipour
et al. (2012). The spherical or elliptical shape makes con-
sumption, industrial production, and packaging of beads
easier [31,32]. The beads from alginate-psyllium þ fenugreek
blend exhibited elliptical shape. The similar results were re-
ported in alginate [33] and collagen-alginate [34].
The small sizes of beads in alginate-psyllium and alginate-
psyllium þ inulinformulations, do not change the texture and
structure of food products and can easily be prescribed [35].
On the other hand, according to one research by Sohail et al.
(2011), the smaller sizes of alginate beads (10e40 mm) were
reported [2]. These high variations in sizes of beads could be
due to different polymer concentration and composition [36].
The high mean diameter sizes of beads in alginate-
psyllium þ fenugreek formulations can change the products'ity and encapsulation efficiency (%) of microencapsulated E.
capsulated cells (2% (w/v)) wasused as control. F1eF9:
deviations (n ¼ 3).
Moisture Content (%) Water Activity Encapsulation
Efficiency (%)
3.27 ± 0.2a* 0.42 ± 0.003a 98.7a
3.19 ± 0.03a 0.38 ± 0.004a 99.6a
3.06 ± 0.03a 0.30 ± 0.002b 98.5a
3.15 ± 0.02a 0.28 ± 0.003b 99.4a
3.23 ± 0.01a 0.32 ± 0.001b 98.5a
3.18 ± 0.02a 0.27 ± 0.004b 99.3a
2.92 ± 0.04a 0.20 ± 0.003c 99a
2.88 ± 0.03a 0.21 ± 0.001c 98.3a
3.02 ± 0.03a 0.19 ± 0.006c 98.8a
3.00 ± 0.01a 0.22 ± 0.002c 99.2a
> 0.05). Statistical analysis of each formulation was done separately.
Fig. 1 e Optical images of microencapsulated beads by the optical microscopy (Olympus BX61): (A) alginateepsyllium blend,
B: alginateepsyllium blend þ 2% fenugreek, (C) protective layers of microcapsule, (D) entrapped prebiotic particles
(fenugreek) and (E) entrapped E. durans 39C.
a s i a n j o u rn a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1 355structure in texture sensitive dairy products such as cream
[37] but there is no limitation for pharmaceutical applications
in oral delivery. Adding the higher concentration of fenugreek
into alginate-psyllium gel yielded the adherent mixtures withthe high viscosity. Since fenugreek polymer consists of
D-mannan chains with D-galactopyranoyl side-chains struc-
ture, can anticipate that it exhibits higher viscosity value as
compared to psyllium (with a polymer made-up of xylose
a s i a n j o u r n a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1356chains with arabinose structure). Thus, a possible explanation
for successful larger sizes of bead with uniform elliptical
shapes in alginate-psyllium þ fenugreek than those of algi-
nate-psyllium þ inulin formulations. These results is consis-
tent with other researches that in the extrusion method,
decrease in the viscosity of supporting gels led to the prepa-
ration of smaller beads [19,38].
3.3. Moisture content and water activity of
microencapsulated beads
The physicochemical characteristics (moisture content and
water activity) of microencapsulated beads prepared by
various formulations are discussed in this section. The
moisture content of all prepared formulations was lower than
3.28% (w/w). There were no significant differences for mois-
ture content of these nine gel formulations and control (ALG).
The water activity values of alginate-psyllium þ fenugreek
blends (F6, F7, F8 and F9) were significantly (P < 0.05) lower
than other formulations. On the other hand, alginate-psyllium
blend (F1) and control (ALG) showed the highest water activity
value (P < 0.05) than other blends (Table 1).
Eratte et al. (2015) and Gardiner et al. (2000) observed the
low content of moisture and water activity was same as our
results during microencapsulation of probiotics. It was re-
ported that low residual water contents andwater activity can
improve the storability and stability of powdered-beads con-
taining probiotic bacteria [23,39].
3.4. Encapsulation efficiency (EE) of microencapsulated
probiotic beads
The bacterial counts for E. durans 39C before microencapsu-
lation and after disintegrating of microcapsules in the phos-
phate buffer (pH 6.8) was used to calculate the encapsulation
efficiency. Table 1 represents encapsulation efficiency of all
beads from alginate (control), alginate-psyllium, alginate-
psyllium þ inulin, and alginate-psyllium þ fenugreek blends.
The results indicated successful entrapment of viable bacteria
cells (>98%) in all the prepared microcapsules formulations.
According to results, there were no significant differences for
encapsulation efficiency of these nine gel formulations and
control.
Because of high encapsulation efficiency (>98%) observed
in our results, the efficient viable probiotic cells (1.5 108 CFU/
g) can be released. The same rates of encapsulationTable 2 e Survival rates of microencapsulated E. durans 39C w
simulated gastric juices (0.08MHCl containing 0.2%NaCl, pH 1.
(0.5%w/v oxgall, pH 6.8 at 37 C for 120min). Alginate-encapsul
formulations.
Encapsula
Free Cells ALG F1 F2 F3 F4
Prebiotic e e e Inulin Inulin Inulin
Con (%) e e e 0.5 1.0 1.5
SR (%) 32a* 40b 47c 66d 67d 70d
aec,*Values followed by the same letters are not significantly different (P
ALG: alginate-encapsulated cells, Con: Concentration, SR: Survival Rate.efficiencies (close to 100%) via the extrusion method were
reported by other researchers [37,40]. According to our results,
the encapsulation efficiency was formulation-independent,
while some references reported that polymer composition
and concentration could affect the encapsulation efficiency
[41,42].
3.5. Survival of microencapsulated cells in simulated
digestive system
As shown in Table 2 and Fig. 2, the un-microencapsulated E.
durans 39C was very sensitive to the simulated digestive
condition and their viability was lost dramatically. The initial
cell count for untreated E. durans 39C before low pH and bile
salt treatment was 9.71 ± 0.03 log CFU/g that declined to
3.12 ± 0.03 log CFU/g after incubation and the survival ratewas
around 32%.
As predicted, all the microencapsulated formulations
showed significantly high survival rate after exposure to acid
and bile condition (P < 0.05), but the best results were observed
for microencapsulated cells with F9, F8 and F5 (Table 2). All
these nine gel formulations had significantly higher survival
rates than alginate-encapsulated beads (control) after expo-
sure to simulated digestive condition (P < 0.05). The survival
rates for E. durans 39Cmicroencapsulated in alginate-psyllium
blend with 2% fenugreek, 1.5% fenugreek, and 1.5% inulin
were 79%, 74% and 73% respectively. The survival rate for
alginate-psyllium blend with 2% fenugreek (F9) was signifi-
cantly (P < 0.05) higher than other formulations. After 2 h in-
cubation in simulated digestive condition, F9 gel formulation
showed 1.96 log decrease in the bacterial CFU counts while
with other formulations, there was a steady decrease around
2.48e6.59 log in the cell CFU counts were absorbed (Fig. 2).
After incorporation of inulin or fenugreek with alginate-
psyllium blend around 19e32% of increase in the survival
rates was observed. On the other hand, by increase in con-
centration of prebiotic from 0.5 to 2%, a dramatically increase
in the cell survival rates was observed which probably was
due to protection ability of prebiotics. Meanwhile, the
improving effects of fenugreek in simulated digestive condi-
tion (21e32%) were higher than inulin (19e26%). The higher
protection ability for fenugreek can be explained due to
denser membrane of beads formed by the strong structure of
fenugreek.
Gelation and crosslinking of alginate molecules mainly
resulted from binding of consecutive blocks of guluronic acidith various prebiotic concentrations after incubation in
8) and sequentially in stimulated intestinal juice containing
ated cells (2% (w/v)) were used as control. F1eF9: various gel
tion Formulation
F5 F6 F7 F8 F9
Inulin Fenugreek Fenugreek Fenugreek Fenugreek
2.0 0.5 1.0 1.5 2.0
73d 68d 72d 74d 79e
> 0.05). Statistical analysis of each formulation was done separately.
Fig. 2 eMean count (Log CFU/g) of microencapsulated E. durans 39C with various prebiotic concentrations after incubation in
simulated gastric juices (0.08 M HCl containing 0.2% NaCl, pH 1.8) for 0, 30, 60, 90 and 120 min and sequentially in
stimulated intestinal juice containing (0.5% w/v oxgall, pH 6.8 at 37 C for 120 min). Alginate-encapsulated cells (2% (w/v))
waere used as control. F1eF9: Various gel formulations. Values shown are means ± standard deviations (n ¼ 3).
a s i a n j o u rn a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1 357on individual or different alginate molecules induced by the
divalent cations except magnesium. The chemical composi-
tion and theMWof alginate affected the acid permeability and
the stability of the alginate/biopolymer membrane. The
complex with the flexible alginate polymers complemented a
fragility of the synthesized blend. The acid permeability of the
alginate blended with biopolymers strongly depends on the
molar ratio of precursors, the sequence of addition and the
contact time of each precursor [43].
3.6. Storage stability of microencapsulated probiotic in
yogurt
Microencapsulated beads (10%) were added into yogurt on the
day of their preparation. The probiotics in yogurt were
enumerated periodically after 1 d in the cold room until 4
weeks. Log CFU/g for free and microencapsulated E. durans
39C during the storage time in yogurt is shown in Fig. 3. The
free probiotic cells displayed a dramatic decrease in their cell
viability. The cell viability for free E. durans 39C dropped from
9.52 to 2.83 log CFU/g. The highest rates of decrease were
found in the first week while in other three weeks a decrease
with the low slope was observed. This probably was due to
temperature shock in the first week and the subsequent
adaptation process.
Results indicated that microencapsulated E. durans 39C in
these nine gel formulations and alginate (control) displayed
significantly high viability at the storage time (P < 0.05). The
alginate (ALG) and alginate-psyllium gel formulations (F1) had
a moderate protection with around 0.06 log decrease in CFU/g
but the excellent viability of microencapsulated cells (>105%)
was observed with other formulations. Meanwhile, the gel
formulations with the high concentration of prebiotics (F4, F5,F8 and F9) had a significan (P < 0.05) higher protection ability
compared to the lower concentration of prebiotics (F2, F3, F6
and F7). Moreover, addition of inulin and fenugreek slightly
increased the acidity of yogurt approximately 12e88% (Fig. 4).
The probiotic carrier products such as yoghurt usually are
stored at the fridge temperature for one month; hence, the
stability experimentswere carried out inmentioned conditions
[44,45]. Un-microencapsulated E. durans 39C cells displayed a
dramatic decrease in their cell viability during 28 d storage at
4 C. The same result was found by Shi et al. (2013) where the
cell viability of free Lactobacillus bulgaricus after one month
storage dropped from 10 to 2.3 log CFU/g. Results indicated that
microencapsulated cells in these nine gel formulations dis-
played significantly high viability at the storage time (P < 0.05).
The excellent protection ability for high concentration of inulin
and fenugreek can be explained due to growth stimulation
activity and denser membrane of beads formed by the strong
structure of prebiotics. In this study, the higher concentration
of prebiotics (>2%) could form densermembranes and resulted
in better protection, but extrusion ofmicroencapsulation blend
with high concentration through the gage nozzles was difficult
and decreased the encapsulation efficiency.
3.7. Release of microencapsulated probiotic
The time dependent release of microencapsulated E. durans
39C in the simulated colonic solution and their comparison
with the free cells and alginate-encapsulated cells (control)
are showed in Fig. 5. The initial count of probiotic cells used
for release test was 1  107 CFU/g. All microencapsulated E.
durans 39C with alginate-psyllium blend with fenugreek
(F6eF9) could be released partially (25e38%) from the beads
after 1 h. But, the complete release was observed after 2 h. In
Fig. 3 e Number of free and microencapsulated E. durans 39C with different gel formulations in yogurt during 28 days
storage at 4 C. Alginate-encapsulated cells (2% (w/v)) were used as control. F1eF9: various gel formulations. Values shown
are means ± standard deviations (n ¼ 3).
a s i a n j o u r n a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1358formulations with the low concentration of inulin (F1 and F2),
more than 97% of probiotic cells were released after 1 h, while
the complete release was observed after 2 h. On the other
hand, the high concentration of inulin (1.0%) (F3eF5)
significantly reduced the release rate of probiotic cells (0.6e1
log CFU/g) in the first h of release, but the complete release
was observed after 2 h.Fig. 4 e Acidity of yogurt containing free and microencapsulate
days storage at 4 C. Alginate-encapsulated cells (2% (w/v)) wer
shown are means ± standard deviations (n ¼ 3).After complete releasing, log CFU/g for released E. durans
39C in alginate (ALG) and alginate-psyllium formulation (F1),
were almost stable ranged from 7 to 7.3 and at P>0.05 level, no
significant changes were observed. On the other hand, after
complete release, remarkable and increasing rates of release
for E. durans 39C in alginate-psyllium blend with prebiotics
were observed. The log CFU/g values for alginate-psylliumd E. durans 39C with different gel formulations during 28
e used as control. F1eF9: Various gel formulations. Values
Fig. 5 e Releasing rates of microencapsulated E. durans 39C with different gel formulations at colonic pH solution in every
1 h and for 12 h. ALG: alginate-encapsulated cells (control). En: E. durans 39C. F1eF9: Various gel formulations. Values
shown are means ± standard deviations (n ¼ 3).
a s i a n j o u rn a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1 359blend with fenugreek (F6eF9) were increased from 7 to 9.6
which was significantly (P>0.05) higher than the releasing rate
in alginate-psyllium blend with inulin (6.9e8.6).
An effective microencapsulated system must release the
probiotic cells at the appropriate time and in an adequate
amount to gain their health promoting effects. Therefore,
releasing of probiotic cells from the microencapsulated beads
in the colonic pH solution is a crucial step for characterization
of these beads [25]. The polymer concentration and compo-
sition affect the release of microencapsulated probiotic cells
[19,24]. All microencapsulated E. durans 39C with alginate-
psyllium blend or low concentration of inulin could be
released completely from the beads after one h. The early
release for these formulations probably can be explained by
the easily erosion of loose networks in the alginate and psyl-
lium. On the other hand, the adding of fenugreek to alginate-
psyllium blend significantly reduced the release rate of pro-
biotic cells. The same results were observed by other re-
searchers [37,40,46]. The decreased release probably was due
to denser membrane of beads covered by fenugreek. But,
Mandal et al. (2006) found that by increasing the gel concen-
tration, no significant change in the release of probiotics was
observed [25]. After complete releasing, no significant changes
in bacterial growth were observed for alginate and alginate-
psyllium formulations. The same results were reported by
Lotfipour et al. (2012) and Mandal et al. (2006) for constantly
release of microencapsulated probiotics in alginate [19,25].
But, the significant increasing rates of release (P>0.05) were
observed for prebiotic incorporated formulations. It probably
was due to strong stimulating effects of inulin and fenugreek
on the growth of E. durans 39C, hence, as a potential prebiotic
they can improve the release and delivery of probiotic cells to
the active sites and consequently enhance the probiotic pop-
ulation in the colon.4. Conclusion
Microencapsulation of E. durans 39C probiotic bacteria using
nine gel mixtures of alginate-psyllium blend with various
inulin and fenugreek concentrations was successful. The
highest encapsulation efficiency, viability of cell in digestive
conditions during storage time, also the increased release
rates of probiotic cells in colonic condition throughout the
12 h period was observed for alginate-psyllium blend with
fenugreek (F9) formulation. This study showed that herbal-
based polymer such as psyllium and fenugreek can be used
as a blend with alginate polymer as a matrix for probiotic
formulation. They offer added advantages of being prebiotic
towards the enhancement of probiotic bacterial growth in the
gastrointestinal environment.Acknowledgment
The financial supports of the University Putra Malaysia are
gratefully acknowledged.r e f e r e n c e s
[1] Biradar SS, Bahagvati ST, Shegunshi B. Probiotics and
antibiotics: a brief overview. Internet J Nutr Wellness
2005;2(1).
[2] Sohail A, Turner MS, Coombes A, et al. Survivability of
probiotics encapsulated in alginate gel microbeads using a
novel impinging aerosols method. Int J Food Microbiol
2011;145(1):162e168.
a s i a n j o u r n a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1360[3] Vidhyalakshmi R, Bhakyaraj R, Subhasree RS. Encapsulation
“The future of Probiotics”-a review. Adv Biol Res
2009;3(3e4):96e103.
[4] Chavarri M, Maranon I, Ares R, et al. Microencapsulation of a
probiotic and prebiotic in alginate-chitosan capsules
improves survival in simulated gastro-intestinal conditions.
Int J Food Microbiol 2010;142(1e2):185e189.
[5] Mokarram RR, Mortazavi SA, Najafi MB, et al. The influence
of multi stage alginate coating on survivability of potential
probiotic bacteria in simulated gastric and intestinal juice.
Food Res Int 2009;42(8):1040e1045.
[6] Annan NT, Borza AD, Hansen LT. Encapsulation in alginate-
coated gelatin microspheres improves survival of the
probiotic Bifidobacterium adolescentis 15703T during
exposure to simulated gastro-intestinal conditions. Food Res
Int 2008;41(2):184e193.
[7] Peniche C, Howland I, Carrillo O, et al. Formation and
stability of shark liver oil loaded chitosan/calcium alginate
capsules. Food Hydrocoll 2004;18(5):865e871.
[8] Brummer Y, Cui W, Wang Q. Extraction, purification and
physicochemical characterization of fenugreek gum. Food
Hydrocoll 2003;17(3):229e236.
[9] Chang YH, Cui SW, Roberts KT, et al. Evaluation of extrusion-
modified fenugreek gum. Food Hydrocoll
2011;25(5):1296e1301.
[10] Fischer MH, Yu N, Gray GR, et al. The gel-forming
polysaccharide of psyllium husk (Plantago ovata Forsk).
Carbohydr Res 2004;339(11). 2009e2017.
[11] Guo Q, Cui SW, Wang Q, et al. Fractionation and
physicochemical characterization of psyllium gum.
Carbohydr Polym 2008;73(1):35e43.
[12] Thakur VK, Thakur MK. Recent trends in hydrogels based on
psyllium polysaccharide: a review. J Clean Prod
2014;82(0):1e15.
[13] Fujimori S, Gudis K, Mitsui K, et al. A randomized controlled
trial on the efficacy of synbiotic versus probiotic or prebiotic
treatment to improve the quality of life in patients with
ulcerative colitis. Nutr 2009;25(5):520e525.
[14] Singh B. Psyllium as therapeutic and drug delivery agent. Int
J Pharm 2007;334(1e2):1e14.
[15] Krasaekoopt W, Bhandari B, Deeth BH. Evaluation of
encapsulation techniques of probiotics for yoghurt. Int Dairy
J 2003;13(1):3e13.
[16] Mirzaei H, Barzgari A. Isolation and molecular study of
potentially probiotic Lactobacilli in traditional White cheese
of Tabriz in Iran. Ann Biol Res 2012;3(5):2213e2216.
[17] Leenhouts KJ, Kok J, Venema G. Stability of integrated
Plasmids in the chromosome of Lactococcus lactis. Appl
Environ Microbiol 1990;56(9):2726e2735.
[18] Bauer AW, Kirby WM, Sherris JC, et al. Antibiotic
susceptibility testing by a standardized single disk method.
Am J Clin Pathol 1966;45(4):493e496.
[19] Lotfipour F, Mirzaeei S, Maghsoodi M. Preparation and
characterization of alginate and psyllium beads containing
Lactobacillus acidophilus. Sci World J 2012:1e8.
[20] Charteris WP, Kelly PM, Morelli L, et al. Development and
application of an in vitro methodology to determine the
transit tolerance of potentially probiotic Lactobacillus and
Bifidobacterium species in the upper human gastrointestinal
tract. J Appl Microbiol 1998;84:759e768.
[21] Goel PK. A novel process for extraction of furostanolic
saponins from fenugreek seeds. 2009.
[22] Singh B, Chauhan GS, Kumar S, et al. Synthesis,
characterization and swelling responses of pH sensitive
psyllium and polyacrylamide based hydrogels for the use in
drug delivery (I). Carbohydr Polym 2007;67(2):190e200.
[23] Eratte D, McKnight S, Gengenbach TR, et al. Co-
encapsulation and characterization of omega-3 fatty acidsand probiotic bacteria in whey protein isolateegum Arabic
complex coacervates. J Funct Foods 2015. http://dx.doi.org/
10.1016/j.jff.2015.01.037.
[24] Shi LE, Li ZH, Zhang ZL, et al. Encapsulation of Lactobacillus
bulgaricus in carrageenan-locust bean gum coated milk
microspheres with double layer structure. LWT-Food Sci
Technol 2013;54(1):147e151.
[25] Mandal S, Puniya AK, Singh K. Effect of alginate
concentrations on survival of microencapsulated
Lactobacillus casei NCDC-298. Int Dairy J
2006;16(10):1190e1195.
[26] Deng W, Xi D, Mao H, et al. The use of molecular
techniques based on ribosomal RNA and DNA for rumen
microbial ecosystem studies: a review. Mol Biol Rep
2008;35:265e274.
[27] FAO/WHO. Guidelines for the evaluation of probiotics in
food. FAO/WHO Working Group; 2002. p. 1e11.
[28] Morelli L. In vitro assessment of probiotic bacteria: from
survival to functionality. Int Dairy J 2007;17(11):1278e1283.
[29] Krasaekoopt W, Watcharapoka S. Effect of addition of inulin
and galactooligosaccharide on the survival of
microencapsulated probiotics in alginate beads coated with
chitosan in simulated digestive system, yogurt and fruit
juice. LWT-Food Sci Technol 2014;57(2):761e766.
[30] Chandramouli V, Kailasapathy K, Peiris P, et al. An improved
method of microencapsulation and its evaluation to protect
Lactobacillus spp. in simulated gastric conditions. J Microbiol
Methods 2004;56(1):27e35.
[31] Chan ES. Preparation of Ca-alginate beads containing high oil
content: Influence of process variables on encapsulation
efficiency and bead properties. Carbohydr Polym
2011;84(4):1267e1275.
[32] Wang W, Waterhouse GIN, Sun-Waterhouse D. Co-extrusion
encapsulation of canola oil with alginate: effect of quercetin
addition to oil core and pectin addition to alginate shell on oil
stability. Food Res Int 2013;54(1):837e851.
[33] Sathyabama S, Ranjith kumar M, Bruntha devi P, et al. Co-
encapsulation of probiotics with prebiotics on alginate
matrix and its effect on viability in simulated gastric
environment. LWT-Food Sci Technol 2014;57(1):419e425.
[34] Lee BR, Hwang JW, Choi YY, et al. In situ formation and
collagen-alginate composite encapsulation of pancreatic
islet spheroids. Biomater 2012;33(3):837e845.
[35] Truelstup-Hansen L, Allan-wojtas PM, Jin YL, et al. Survival
of free and calciumealginate microencapsulated
Bifidobacterium spp. in stimulated gastro-intestinal
conditions. Food Microbiol 2002;19:35e45.
[36] Voo WP, Ravindra P, Tey BT, et al. Comparison of alginate
and pectin based beads for production of poultry probiotic
cells. J Biosci Bioeng 2011;111(3):294e299.
[37] Shi LE, Li ZH, Li DT, et al. Encapsulation of probiotic
Lactobacillus bulgaricus in alginateemilk microspheres and
evaluation of the survival in simulated gastrointestinal
conditions. J Food Eng 2013;117(1):99e104.
[38] Kailasapathy K. Microencapsulation of probiotic bacteria:
technology and potential applications. Curr Issues Intest
Microbiol 2002;3(2):39e48.
[39] Gardiner GE, O'Sullivan E, Kelly J, et al. Comparative survival
rates of human-derived probiotic Lactobacillus paracasei
and L. salivarius strains during heat treatment and spray
drying. Appl Environ Microbiol 2000;66(6):2605e2612.
[40] Ma YS, Pacan JC, Wang Q, et al. Enhanced alginate
microspheres as means of oral delivery of bacteriophage for
reducing staphylococcus aureus intestinal carriage. Food
Hydrocoll 2012;26(2):434e440.
[41] Sandoval-Castilla O, Lobato-Calleros C, Garcı´a-Galindo HS,
et al. Textural properties of alginate-pectin beads and
survivability of entrapped Lb. casei in simulated
a s i a n j o u rn a l o f p h a rma c e u t i c a l s c i e n c e s 1 0 ( 2 0 1 5 ) 3 5 0e3 6 1 361gastrointestinal conditions and in yoghurt. Food Res Int
2010;43(1):111e117.
[42] Sultana K, Godward G, Reynolds N, et al. Encapsulation of
probiotic bacteria with alginate-starch and evaluation of
survival in simulated gastrointestinal conditions and in
yoghurt. Int J Food Microbiol 2000;62(1e2):47e55.
[43] Sakai S, Tsutomu O, Hiroyuki I, et al. Permeability of
alginate/solegel synthesized aminopropyl-silicate/alginate
membrane templated by calcium-alginate gel. J Membr Sci
2002;205(1e2):183e189.[44] Brown T, Hipps NA, Easteal S, et al. Reducing domestic food
waste by lowering home refrigerator temperatures. Int J
Refrig 2014;40(0):246e253.
[45] Casarotti SN, Monteiro DA, Moretti MMS, et al. Influence of
the combination of probiotic cultures during fermentation
and storage of fermented milk. Food Res Int 2014;59:67e75.
[46] Ma YS, Pacan JC, Wang Q, et al. Microencapsulation of
bacteriophage felix O1 into chitosanealginate microspheres
for oral delivery. Appl Environ Microbiol 2008;74:4799e4805.
